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COMPLETE SPECIFICATION 

Ribofuranosyl Purine Derivatives 

We, Merck & Co., Inc., a corporation duly organised and existing under the 
laws of the State of New Jersey, United States of America, of Rahway, New Jersey, 
United States of America, do hereby declare the invention for which we pray that a 
patent may be granted to us, and the method by which it is to be performed, to be 
3 particularly described in and by the following statement: 

This invention concerns 2,6-substituted purine-3'-alkyl nucleosides *nd processes 
for their preparation. 
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The compounds in accordance with the present invention have the formula: — 




* <W OH 



\ 1 



10 



15 



where R is a d- alkyl radical and each of R a and R b is a hydrogen or halogen atom 
or a hydroxy, Q-* alkyl, amino, C w alkylamino, di(d-s alkyl)amino, mercapto or 
d— alkyl mercapto radical. 
1 ' In preferred compounds R is a methyl or ethyl radical. 

, Compounds of the present invention may be used in the preparauon of various 
3'-d_ 5 alkyl nucleotides by their reaction with phosphorus compounds. These 
nucleotides may be useful in the study of nucleic acid metabolism. 

Among specific values of R* and R<> in the compounds I of the present invention 
apart from those mentioned already, are, methyl, ethyl, propyl, methylamino, dunethyl- 
amino, ethylamino, diethylamino, propylamino, dipropylamino, chlorine, bromine, 
iodine, methyl mercapto, ethyl mercapto, and propyl mercapto. . 

The compounds of the present invention are prepared in general by a two-step 
process. The first step in this process, Step A, is carried out by treating a 2,3,5-tn-O- 
acyl-3-Q- s alkyl-I)-ribofuranosyl halide of the formula: — 




10 



15 



with a chloromercuri 2,6-substituted purine of the formula: — 




20 



to form a 9-(2,3,5-tri-0-acyl-3-C 1 -, > alkyl-D-ribofuranosyl>2,6-substituted purine 
intermediate of the formula : — 



20 




25 



where R is a C,_ 3 alky} radical, each of Ro and Ru is a halogen or hydrogen atom 
or a hydroxy, C,_- alkyl, acylamino or acyl d_ 3 alkylamino radical, each of R', R", 
and R'" is an acyl group and X is a halogen atom. The reaction should be carried 
out at a temperature of from 25° to 150°C, preferably from 100° to 140°C, for a 



25 
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This reaction is illustrated as follows:- 





IV' 



whe / " IV' 

Vln &£^J^'£y*'2«** v ' are as denned above When R 
converted to an amino o? q! SrfSS^,? - C - H^taSt SfaA J 




IV 

I'St*^^^ \T d R '' are ^ defined for 

m the presence of a catalyst to produce a' co^ounSV^ fi^' With h ^ 
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where R, R' R" and R"' are as defined above, one of R c " and R/' is a hydrogen 
atom and the other of R/ and.R d " is a hydrogen atom or a hydroxy, cj 

n 1 "1?// 0r ^ I »? 1 - 5 , a,fc y Ianilno radlcaI > flowed by bask solvolysis to remove 
the k , K and R acyl groups and convert any acylamino or acyl Q_ 5 alkylamino 
groups present as R." or R," to amino or Q_, alkylamino groups T'amino 

or hn t h e nf C R P '° U ^ P'— iny = mf ™ havin ? ^ Fonnula J " beIow , where either 
or both of R a and R-/' ,s a C,., alkylamino or di(C.^ alfcyl)amin 0 radical, are 
prepared by aminolysis of the 9-(2,3,5-tri-0-acyl-3-alkyl-Z>-ribofuranosyl)-2 3 6-sub- 
st.tuted purine intermediate Compounds (IV" below) in which the 2,6 purine positions 
are substituted m either or both positions with, a halogen atom. 
The reaction is illustrated as follows : — 





IV" j// 

where R R', R" R" R / R/, are as defined ab R ft Q „ 

P »1 ?V" 3 " d *Y / 2 Q - 5 alkvlamin ° « di(Q. s alkyl)amino and the other of 
nr hy£ V r a . h y dro ^ n , at ?S or a hydroxy, Q_ 5 alkyl, amino, Q_ 5 alkylamino 
Lt^'* a, ^ am,n ° f adl . cal - ^h™ R.' or K/ in the starting material is Yn acyl- 
ammo or acyl S,_ 5 alkylamino radical it is converted to an amino or Q_- alkylanuno 
group during the course of the reaction. " ^** 1AmsDa 

. TJ» coni Pound s of the invention having the Formulas I'", where either or both 

m\.™„i • ^" " 3 """P* or C »- aI M mercapto radical are prepared by 
mercaptolysis of a compound of formula IV". 

The reau'on is illustrated as follows : 




rAieuiea a msx? 




IV" j/// 
where R, R', R", R"', R/ and R/ are as defined above, R 3 is a Q_ 5 alkyl radical, 
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one of R a and IV" is a mercapto or C^^ll^l^ercapto radical-and the otber of— 

A and R *>'" is a hydrogen atom or a hydroxy, Q_ 5 alkyl, amino, Q_ s alkylamino, 
mercapto or Ci_ 3 alkylmercapto radical. 

When R/ or R„' in the starting material is acylamino or acyl Q_ 5 alkylamino 
it is convened to an amino or Q-s alkylamino group during the course of the reaction. 
^ When the mercaptolysis reactant is thiourea the acyl blocking groups B/, R" and 
iv arc not icinuvcu auu the resulting intermediate must be subjected to b?R?c snlvolvsis 
in order to obtain the compounds of the present invention, compound 

1A Ir general, the process of the present invention involves reacting a chloro- 

mercun 2,6-substituted purine with 2 J 3,5-tri-0-acyl-3-Q- 5 alkyl ribofuranosyl halide 
to form a S-CZ^-tri-O-acyW-Q-s alkyl-D-ribofuranosyl)-2,6-substituted purine. 
These intermediate compounds are then either solvolysed, aminolysed, mercaptolysed, 
or hydrogenated and solvolysed to form the compounds of the present invention. When 
mercaptolysis is carried our using thiourea, a further step of solvolysis must follow in 

15 order to obtain the compounds of the present invention. 15 
Preferably, the compounds of the present -invention are obtained by reaction, in 
Step A, of a chioro-mercuric 2,6-substituted purine with a 2,3,5 -tri-O-acyl-S^Q^ 
alkyI)-D-nbofuranosyl halide, essentially stoichiometrically at a temperature of from 

on ™ t0 } 50 ° C - Preferably from 100°C to 140°C. in an appropriate solvent. 

M The selection of the solvent is not important as long as it is an inert solvent boiling 
m the range of 25 °C. to 150°C. Examples of such solvents are benzene, dibutyl ether, 
cyclohexane, toluene and xylene, preferably toluene or xylene. The reaction is normally 
complete in from about 15 minutes to atiout 5 hours depending on the selection of the 
reaction temperature. After obtaining the intermediate ' reaction product in Step A, 

-» tnese compounds are then either solvolysed, aminolysed, mercaptolysed, or hydro- 
genated ana* solvolysed in Step B depending upon the desired 2,6-substitutions in the 
purine portions of the compounds. 

In the case of solvolysis, the reaction may be carried out in the presence of a 
basic catalyst in an appropriate solvent at a temperature of from 5°C. to 150°C. 
preferably from 65°C to 90°C.. in a reaction time of from about 15 minutes to about 
:> hours. The length of reaction time is dependent upon the temperature, the catalyst 
and the solvent. Examples of basic catalysts are alkali and alkaline-eaxth metal 
hydroxides and their corresponding alkoxides, solutions of ammonia, amines and 
substituted amines. Examples of the solvents are C w alcohols. The preferred solvent 

J -* is methanol. 

In the case of aminolysis, the reaction may be carried out in the presence of a 
monoCx-s alkyl or a di(C^ alkyl)amine at a temperature of from 25°C. to 150°C. 
and preferably from 85°C. to 110°C. in a reaction time of from about 15 minutes 
tu about 5' hour s.^ Examples of suitable amines are methylamine, dimethylamine, ethyl- 
w amine, diethylamine, propylamine and dipropylamine. 

In the case of mercaptolysis, the reaction may be carried out in the presence of 
thiourea or a metal salt of a C^ 3 alkyl mercaptan in a temperature range of from 
about 25°C. to about 150°C. and preferably about 65°C to about 90°C. in a reaction 
ume of from about 15 minutes to about 5 hours. Examples of the alkali or alkaline 
earth metal salts of C^ 5 alkyl mercaptans are sodium methylmercaptan, sodium ethyl- ak 
methy?^ isopropylmercaptan, potassium methylmercaptan and calcium 

In the case of hydrogenation the catalyst is preferably palladium on charcoal. 
«a « „ Representative of the novel compounds of the present invention are 
w 9-(3-methyl-D-ribofuranosyl)-2-methyipurine 

9-(3-methyl-D-ribofuranosyl)-6-methylpurine 5 * 

9-(3-memyl-D-ribofuranosyl)-2 a 6-dimethylpurine 

9-(3-methyl-D-ribofuranosyl)-2-ethylpurine 

9-(3-methyl-D-ribofuranosyl)-6-ethylpurine 
55 9-(3-methyi-D-ribofuranosyl)-2,6-diethylpurine CJ 

9-(3-methyl-D-ribofuranosyl)-2-propylpurine 

9-(3-methyl-D-ribofuranosyl)-6-propyipurine 

9-(3-methyi-D-ribofuranosyl)-2,6-dipropylpurine 

9-(3-ethyl-D-ribofuranosyl)-2-methylpurine 
60 9-(3-ethyl-D-ribofuranosyl)-6-methylpurine 

9-(3-emyl-D-ribofuranosyl)-2,6-dimethylpurine 61 

9-(3-ethyl-D-ribofuranosyl)-2-ethylpurine 

9-(3-ethyl-D-ribofuranosyl)-6-ethylpurine 

9-(3-ethyl-D-ribofuranosyl)-2,6-diethylpurine 



20 



25 



30 



35 



40 
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S-(3-ethyl-D-ribofuranosy];-2-propyIpurine 

9-(3-ethyl-D-ribofuranosy])-6-propylpurine 

9-(3-ethyl-D-ribofuranosyJ)-2,6-dipropyjp U rine 

9-(3-propyJ-D-ribofurano5yI>2-methylpurine 

9-(3-propyl-D-ribofuranosyI)-6-methylpurine 

S-^-propyl-D-ribofuranosy^g-dimethyJpurine 

9-(3-propyI-D-ribofuiranosyJ>2-ethyJpurine 

9-(3-propyJ-D-TibofuranosyI>6-ethy]purine 

9-(3-propyl-D-ribofuranosyl;-2,6-diethy]purine 

9-(3-propyl'-D-ribofuranosyl3-2-propylpurine 

9-(3-propyJ-D-ribofuranosyl;-6-propylpurine 

^-(l-propyl-D-fibofuranosyJj^e-dipropylpurine 

9-(3-methy]-D-ribofuranosyJj-2-aminopurine 

9-(3-methyl-D-ribofuranosyl>-6-aminopurine 

9-(3-methy]-D-ribofuranosyl)-2,6-diaminopurine 

9-(3-ethy]-D-ribofuranosyl;-2-aminopurine 

9-(3-ethyl-D-ribofuranosyl;-6-aminopurine 

^-(S-ethyl-D-ribofuranosyij^e-diaminopurine 

9-(3-propyI-D-ribofuranosyl)-2-aminopurine 

9-(3-propyl-D-ribofuranosyI)-6-aminopurine 

9-(3-propyI-D-ribofuranosyJ;-2,6-diaminopurine 

9-(3-methy-D-ribofuranosy])-2-methylaminopurine 

9-(3-methyl-D-nbofuranos y i>6-m«hylaminopuriie' 

^-(l-ethy-D-nbofuranosyl^-meihylaminopurine 

9-(3-ethy-D-ribofuranosyl>6.methyJaminopurine 

y-(3^thyj-p^ibofuranosyl>2 J 6-dimethyJaminopurine 

9-(3-methy-D-ripofura.nosyl;.2-ethylaininopurLae 

9-(3-methyl-D-nbofuranosyJ;-6-ethylaniinopurine 

9-(3-ethyl-D-nbofuranosylj-2^thylaminopuriM 

9-(3^thyl-D-ribofuranosyl>6-ethyJaminopurine 

^-(S-ethyl-p-ribofiu-anosylj-^e-diethylarainopuriqe 

9-(3-propy-p-nbofuranoiyl)-2-ethyJaminopurine 

9-(3-propyl-p-nbofuranosyl>6-ethyJaminopurine 

^(^-propyl-D-ribofuranosyy^e-diethyJaminopurine 

9-C3-methyl-p-nbofuranosylj-2-hydroxypurine 

9-(3-methyl.p-nbofuranosyl;-6-hydroxypuiine 

9n^h5 y n D :, nb f ofurano ?.y 1 )- 2 ^-dihydroxypurine . 

9-(3-ethyl-p-ribofuranosyI;-2-hydroxypurine 

9-(3-ethy-p-ribofuranosyl;-6-hydroxypurine 

^-"^-^ibofuranosyl^-^S-dihydroxypurine 

9f3-methyl-D-nbofuranosyl;-2-chloropurine 
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9-(3-methy]-D-ribofuranosyl)-2-bromopurine 



10 



9-(3-methyl-D-ribofuranosyl)-6-bromopurine 
9-(3-methyl-D-ribofuranosyl)-6-chloropurine 
9-(3-methyI-D-ribofuranosyl)-2,6-dibromopurine. 

Compounds of the present invention have a variety of valuable uses They are 5 
capable of inhibiting ribonucleic acid (RNA) synthesis, for example, acid insoluble RNA 
synthesis, in Ehrhch ascites ceils and Kb ceiis. In in vitro iests, the growth of KB 
cells and chick embryo fibroblast cells are markedly suppressed as is the inhibition 
of hypoxanthme incorporation into acid insoluble RNA. Compounds in accordance 
with the present invention are therefore useful as anti-metabolites, as cell growth ' 10 
inhibitors and for the study of metabolism systems. They also demonstrate favorable 
cytotoxicity characteristics considered with their cell growth depression. 

Compounds of the present invention may also be converted to nucleotides by 
treatment with phosphoric acid derivatives in accordance with known techniques As 
sucn, they are useful in a formulation of media for selective culturing of animal tissue 15 
cells. These nucleotides may also be useful in the study of nucleic acid metabolism. 

1 he following examples in which "Dowex" is a trade mark illustrate the invention: 
amplifying data appear in the preparations. 
1 i 

Preparation 1 

20 Preparation of 2,3,5-tri-0-benzoyl-3-methyl-D-ribofuranosyl bromide 20 

This preparation shows the synthesis of a novel starting material used in the 
preparation of the compound of the present invention. 

a 0 < A ?4 g ? ard * ea 8 ent Prepared from 690 mg. (28.4 millimoles) of magnesium and 
3.85 g. (27.5 millimoles) of methyl iodide in 32 ml. of dry ether added to a stirred 

25 solution of 1.0 g. (3.42 millimoles) of l^-O-isopropylidine-S-O-benzoylno-D-erytftro- 25 
3-pentulofuranose in 100 ml. of dry ether at 5°C. After about 3 hours the reaction 
mixture »s poured into a mixture of 50 g. of ammonium chloride, 200 ml. of ice and 
water, and 200 ml. of ether. The layers are separated and the aqueous phase is 
extracted with two 150-ml. portions of ether. The dried (MgSOJ ethereal solution 

30 is concentrated to dryness and the residue (1.24 g.) is crystallized from ether. A total ' 30 

obtained ^ 1 ' 2 -°- lso P IO Py lidene - 5 -°-benzoyl-3-methyl- n£ t-D-ribofuranose is 

m-ri£i so £ tion ° f 10 8: <3-25 millimoles) of l,2-0-isopropylidene-5-0-benzoyl-3- 
,5 f^Ayi^-D rlb?furan0 se m 2 5 ml 3% methanolic hydrogen clAoiidc is ke £ t at 

f ->< ,11 m ? es ', ^ j^rogen chloride is neutralized by the portionwise addition . 35 
• u 8 V • / nilhn ? oles ) of sodium bicarbonate. The mixture is filtered and the solid 
is washed with methanol. The filtrate plus washings are concentrated and the residue 
is leached with three 50-ml. portions of methylene chloride. The methylene chloride 
4fi „^L 1S nZ e!iKd -7 lth - a . mal1 amount of de coIorizing carbon, filtered and con- 

*™ I'i f reSI ,, Ue 0 ^ s ■ hren iatographed on 20 g. of silica gel. Elution with ethyl 40 

* ™ % : -u ) , glVeS 3° m & of "Wlfl 5-0-be1izoyl-2,3-0-isopropyl- 

idene-3-methyl^-D-r,bofuranoside. Further elution with ethyl acetate-chloroform 
^wif 81VCS /V*?? m S„° f mixed P r °ducts. Anally, elution with ethyl acetate- 

frnnT^J??* !? S> V A f . m !J I « nol , es ) of methyl 5-0-benzoyl-3-methyI-D-ribofuranoside ^ 
% ™ 1 A d , 1SS0 - 1 ,T? d f l 5 c m ± of d ry Pyridine and cooled in an ice bath. A solution 
£ m ( - 33 . milll J a ° les ) ?f benzoyl chloride in 2.5 ml. of dry chloroform (CHQ.) 

50 ■ w n f nf^™*. W - h J he reaction mixture is ke P l « 25°C. for 24 hou£ 

,v A h ' ° f IS added -- After 30 minutes mixture is poured onto 30 ml of so 
ice and water and extracted with three 30-mL portions of chloroform. The chlortform 50 
ST* 1 ? r) waShed w ? C °, ld 5% Mrochloric acid until the washings are acidic 3 
SSL J UratCd i° dlUm ChI ° ride S ° lution - 'H* dried ( M SS0 4 ) chloroform 

55 ^-D^Z^^S ^ 4 reSidUC ° f mCthyl ^-dii-benzoyl-S- 
n rn^f S ° 1Uti0? i °? 2 l° m S- (0-595 millimole) of methyl 2,5-di-0-benzoyl-3-methyl- 

Too^? for ft? c Chl0n ,^ iD 2<S£ ° f dry chl . OT ^rm. The mixture is helted at 
60 40°r ■ tS l/T*. C °° led t0 i 5 C ' ? reated ^ °' 5 mI - °f water and warmed to 

JSrSJS f m,XtU ^ " M d H t0 ic ? and water and extracted «ith three 50-mL 
portions of chloroform. The chloroform is washed with 10% hydrochloric acid until 
the washings are acidic and with 10% sodium bicarbonate. The dried (MeSol 
chloroform layer was concentrated and the residue (370 mg.) « cAromatograpllro^n 



55 



60 



8 
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8 g. of silica gel. Methyl 2 a 3,5-tri-0-ben2oyl-3-mcthyl-D-ribofuranoside (280 mg.; 

95 -A) is obtained* , ^ . 

A solution of 2 g. (4.04 millimoles) of methyl-2,3,5-tri-0-benzoyl-D-nbofuran- 
oside in 10 ml. of acetic acid is cooled in an ice bath and 1 ml. of acetyl bromide is 
added followed by 10 ml. of a 33y o solution of hydrogen bromide in acetic acid. 5 
After 15 minutes at 0— 5°C. the solution is kept at 25°C. for 35 minutes. Con- 
centration of die solution gives a residual oil which is freed of last traces of hydrogen 
bromide by distilling 3 portions of dry toluene and 2,3 3 5-tri-0-benzoyl-3 -methyl-D- 
ribofuranosyl bromide is obtained. 

Preparation 2 10 
Preparation of 9-(2 a 3,5-tri-0-ben2oyl-3-methyl-D-ribofuranosyl)-2-acetamido-6- 

hydroxypurine 

25 ml. of xylene is distilled from a suspension of 5.95 g. of (0.014 M) of chloro- 
mercuri 2-acetamido-6-hydroxypurine in 175 ml. of xylene to remove the last traces 

15 of water. The suspension is cooled to 25°C and 2,3,5-tri-0-benzoyl-3-methyl-D- 15 

ribofuranosyl bromide prepared from 6.85 g. (0.014 M) of methyl 2,3,5 -tri-O-benzoyl- 
, J-methyl-D-ribofuranoside in 25 ml. of dry xylene is added. The mixture is stirred 
and heated at a temperature of from about 50°C. to about 100°C. The solid changes 
from a granular form to flocculent. After being refluxed for one hour, the hot mixture 

20 is filtered, which remoyes the undissolved solids. Leaching the solids with three 50-mL 20 

portions of boiling chloroform removes additional soluble product and leaves insoluble 
starting chloromercuri derivatives and inorganic -salts. The original filtrate is diluted 
with two volumes of petroleum ether and the solid which separates is dissolved in the 
chloroform solution is dissolved in the chloroform solution obtained above. The chloro- 

25 form solution plus an additional 100 ml. is washed* with two 75-ml. portions of 30% 25 

potassium iodide solution and two 75-ml. portions of water. The dry chloroform layer 
is concentrated and 9-(2 5 3,5-tri-0-benzoyl-3-methyl-D-ribofuranosyl)-2-acetamido-6- 
hydroxypurine is obtained. 

Preparation 3 

30 Preparation of 9-(2,3,5-tri-0-benzoyl-3-methyl-D-ribofuranosyl)-6-N-methyl-. 30 

b enzamidopurine 

150 ml. of xylene is distilled from a suspension of 9.5 g. (19.5 millimoles) of 
chloromercuri 6-N-methylbenzamidopurine in 500 ml. of xylene. The mixture is cooled 
and a solution of 2 J 3,5-tri-0-benzoyl-3-m£thyl-D-ribofuranosyl bromide (from 6.9 g. 

35 [14.1 millimoles] of methyl-2,3,5-tri-0-benzoyl-3-methyl-D-ribofuranosyl) in 50 ml.. 35 

of dry xylene is added. The reaction mixture is stirred and refluxed for 30 minutes. 
The hot mixture is filtered and 3 g. of unreacted starting chloromercuri purine is 
recovered. The filtrate is concentrated to dryness and the residual oil in 300 ml of 
chloroform is washed with two 80-ml. portions of 30% potassium iodide solution and 

40 two 80-ml. portions of water. The residual oil obtained after removal of the chloro- 40 

form is chromatographed on a short column of 140 g. of acid washed alurnina in 9 
tr 1 benzene-chloroform. Fractions are combined and concentrated giving 9-(2,3,5- 
' tri-0-benzoyl-3-methyl-D-ribofuranosyl)-6-N-methylbenzamidopurine. 

Preparation 4 

45 Preparation of i 5-9-(2 3 3,5-ui-0-benzoyl-3-merJiyl-D-ribofuranosyl)-6-chloropurine 45 

100 ml. of xylene is distilled from a suspension of 6.55 g. (16.8 millimoles) of 
chloromercuri-6-chloropurine in 460 ml. of xylene in order to remove the last traces 
of water. A solution of 8.25 g. (16.8 millimoles) of ^-2,3,5-tri-0-benzoyl-3-methyl- 
D-ribofuranosyl bromide in 40 ml. of dry xylene is added to the stirred suspension 

50 at 25 °C. The mixture is refluxed for 2 hours. The hot mixture is filtered to remove 50 

insoluble material. The filtrate is concentrated to 150 ml. and diluted with 300 ml. 
of petroluem ether and dried. The crude product is dissolved in 300 ml. of hot 
chloroform and washed with two 80-ml. portions of 30% potassium iodide solution 
and two 80-ml. portions of water. The dried (MgS0 4 ) chloroform layer is concentrated, 

55 and i /5-9-(2,3,5-tri-0-benzoyl-3-methyl-D-ribofuranosyl)-6-chloropurine is obtained. 55 

The product is purified by chromatography on a short alumina column in chloroform. 

Preparation 5 

Preparation of 9-(2,3,5-tri-0-benzoyl-3-methyl-D-ribofuranosyl)-2,6- 
dibenzamidopurine . 

60 100 ml. of xylene is distilled from a suspension of 5.01 g. (8.43 . millimoles) of 60 

chloromercuri 2,6-dibenzamido purine in 370 ml. of xylene to remove last traces of 
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40 



45 



50 



55 



10 



^JF- P 1 ? su spension is cooled to room temperature in a solution of 4.15 g. (8.43 
millimoles) of 2,3,5-tri-0-benzoyI-3-methyl-D-rftofuranosyl bromide in 37 ml of dry 
xylene is added while the suspension is being stirred. The mixture is refluxed for 

k a r£° Ur i S t filtered hot which removes insoluble material. The filtrate is diluted with 

5 400 ml. of petroleum ether and cooled in an ice bath. The solid is removed and dried.' 

ihe product is obtained as a complex with mercuric halida. The product is dissolved 
in 100 ml. of chloroform and washed with two 40-ml. portions* of 30% potassium 
iodide solution and two 40-ml. portions of water. The dried (MgSO.) chloroform 

in ?? lu !? 0 ° is, concentrated at reduced pressure to give 9-(2,3,5-tri-0-benzoyl-3-methyI- 

10 D-nbofuranosyl)-2,6-di-benzamido purine. 

, Preparation 6 

Preparation of P-CZ.S^-tri-O-benzoyl-S-methyl-D-ribofuranosyO-e-methylpurine 
A suspension of 317 g. (10 millimoles) of chloromercuri 6-methylpurine [Davoll 
and Lowy J. Am. Chem. Soc. 73 1650 (1951)] in 200 ml. of xylene is dried by 
« ""wing about 50 ml. of xylene. The cooled suspension is treated with 5.39 g. (10 15 

millimoles) of 2,3,5-tri-0-benzoyl-3-methyl-D-ribofuranosyl bromide dissolved in 
30 ml. of dry xylene. The mixture is stirred and refluxed for 2 hours and while hot 
it is filtered to remove insoluble material. The filtrate is diluted with 4 volumes of 
petroleum ether and, after being cooled for about 2 hours in an ice bath, the mixture 
20 is filtered. The solid is dissolved in 200 ml of chloroform and washed with two 20 

JU-ml. portions of 20% aqueous potassium iodide solution. The chloroform layer is 
dried (anhydrous MgSO.,) and concentrated to a residue of amorphous P^^J-tri- 
0-benzoyl-3-methyl-D-ribofuranosyl)-6-methylpurine. 

! Preparation 7 

25 Preparation of rf3-9-(2 s 3,5-tri-0-benzoyl-3-methyl-D-ribofuranosyl)-6-benzamidopurine 25 

A suspension of 1.92 g. (4.04 millimoles) of finely ground chloromercuri 6- 
benzamidopurine m 170 m\. of xylene is dried by distilling 90 ml. of xylene. The 
mixture is cooled and a solution of „e-2 3 3,5-tri-0-benzoyl-3-methyl-D-ribofuranosyl 

30 SnW fr ° m ^ 2 1 -°- g -J 4 - 0 f ™ a " moles > of ^-^thyl 2,3,5-tri-O-benzoyli- 
30 methyl-D-ribofuranoside] in 20 ml. of dry xylene is added. The mixture is stirred 
and refluxed for 40 minutes. The hot mixture is filtered and the solid is washed with 
1 of hot xylene. The filtrate and washings are diluted with 400 ml. of petroleum 
ether, and after being kept at 5°C. for 20 hours, the mixture is filtered. The solid 
*<! L T-™ r ? n l 50 mL ? f ho F cWoroform and the solution is washed with two 30-mJ. 
n portions of 30% potassium iodide solution and two 30-mI. portions of water Con- 

centration of the dried chloroform layer gives amorphous product which is cromato- 
nn a /^l°^ n l^ 0f / lmT l! na , in benzene-chloroform (1:9). Fractions showing only 
one zone (R, 0.28) after thm layer chromatography on alumina in the same solvent 
mixture are combined and concentration of the solvent gives 920 mg. of iff-9-(2,3,5- 
tri-0-benzoyl-3-methyl-D-riboruranosyl)-6-benzamidopurine as an amorphous solid. 40 

Example 1 

Preparation of ,P-9-(3-methyl-D-rftofuranosyl)-6-dimethylaminopurine 

D rlb^ft^S^ m L ° S - (1 " 6 millimo J e ) of t 5-9-(2,3,5-tri-0-benzoyl-3-methyI- 
D-riboiuranosyl)-6-chloropurine as prepared in Preparation 4 in 25 ml. of methanol 
containing 6.5 g. of dimethylamine is heated for 10 hours in a sealed tube at 100°C 45 
ihe solution is concentrated at reduced pressure and the residue is dissolved in 25 ml 
of water. The water solution is washed with five 8-ml. portions of benzene and then 
S; 1 * 2 5- . of . D ° wex n—X8 which is a strongly basic anion exchange resin 
haying a styrene divmylbenzene polymer matrix and containing quaternary ammonium 
hTlZ' it, ™ average particle size in the range of 50—100 mesh. It is manufactured 50 
tV £ ow , S hemiC H Co ^ 0f MldIand - Michigan (See Pate 1576, 7th Ed., Merck 
Index, Merck & Co, Inc., Rahway, N. J. The resin is filtered and washed with three 
25-ml portions of water The filtrate is concentrated to dryness and £-9-(3 -methyl- 
D-nbofuranosyI)-6-dimethylaminopurine is obtained. 

Example 2 55 
Preparation of 9-(3-methyl-D-ribofuranosyl)-2,6-diaminopurine 

rihrflS^^ g -J 1A . miUimoles ) °{ 9-(2,3,5-tri-0-ben Z oyl-3-methyl-D- 
ribofuranosyl)-2 3 6-dibenzamidopunne as prepared in Preparation 5 in 12 ml of drv 
methanol is treated with a solution of 97 mg. of (4.2 millimoles) of sodium in 12 ml 



30 



35 




r> . r Example 3 

10 millimoles) of thiourea in 3 \Z li X , • ? Pre P ar «ion 4, and 307 me r4 0 

a clear «U£?£££2 ^£*&^S^J$ n 4 °- "fH 5 ^ 10 
thereafter colorless crystals of ™pS 3 5 tW n k y eIIow , m 15 minutes and shortly 
purm»-6-thiol crystallize^ of solution W_ta ^ b ^ 1 - 3 -™^l-D^efunu« lv l/. 

made from 19.5 mg. of sodium and 3 5 ml & d™ ™!' 8 ^ ted with a soJuti °* 15 
solution occurs immediately The solution k »n methanol is added. Complete 
» concentrated by distillation « SfiS p/e^Ld* ^ -IT": ^ soluti °° 
20 6 mh ° f ^ aKr and P H «f the solutS TaSed 1^ v e K 5ldue - is dissolved ^ 
20 aqueous mixture is extracted with four 15 ml Sj ° ? WKh L aCetic acid and the 

water layer is concentrated by d sdllation to » vn.f °^° f ""^Sta* chloride. Tie 20 
? n 4 /, with acetfc acid - The LnSSn nf r£ M f °- 4 m - h and ^ P H « ^Justed ° 
.G-9-(3-methyl-D<ibofuranosyl>pS-^ the .solutton gives a residue containing 



ribofu ra nOsyJ>6-ch!oro P uHne ( and Tf mih° ^V-^O-benzoS^Lthyl-D- * 
heated for ten hours at 1W°C™ Ta sfaled tuh?^'^ '? 25 * of dry methanol is 
? t reduced pressure and the res du* if dissolved I 7^° ^ " conc «"n«ed to dr^ess 
30 m washed with two 5-ml. portion of bSlne 1 ° f ^ The ™* Son 

hours wifi, 3.5 grams of moist Dowex S Sf ^ ueou f la y« is slirred 2 J 30 
the p H of the solution rises from 7 to 9 resSl 5SS V"** ^ time 3 ° 
15-m . portions of water! The filtrate and I washing VCd and washed with three 
contammg 9<3-methyl-D-„Wu^ to a residue 



w . Example 5 

. A solution of Tg ° al3 9 l 3 £i?f • r i b fe n0S ^ P u ™ 35 
ribofuranosyI)-6-chloropurine ( i?i7 m m nf I ° f ^'^-O-benzoyl-S-methyl-D- 

ribofuranSpurine fag £f oft™ ^ y-tri-O-benzoyl-S-methyl-D- 

23 mg. (1 mg. atom) of sodium and 8 ml V a J. cd WJth a soI «"ion made from 
« refluxed for 3 hours and concenttafed^m ^ methan ° 1 - The pale yellow solution 45 

solution , s extracted with four 5-ml Mm^K t tt 65 mth ac «ic acid. The 
concentrated to dryness ar rerf„r^„ P s of chl °roform and the water t> W ic 
0 ribofuranosyl)p urin r 4 * dUCed - preSSUre t0 a containing 9?^^j>f 



Example 6 50 



t» . # -EXAMPLE 6 

f About 25 rrn^xX^ 



55 



60 
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The original filtrate is diluted with 2 volumes , ci pgngm ^ a ^£ 
which separates is dissolved in the l^^^^^^S^i^ ^ 
form solution (plus an additional 100 ml.) is "■^'SS^S preform layer is 
potassium iodide and one 75-mL ^l^^^^.^.^oL^ 
Sr^ffiobffiJS and purged by column chromato- 

^•suspension of 800 mg. (1.23 mUumoles) ^f^^^i^S^ . 
D-ribofuranosyD-2-acetamidohypoxanthine m 8 ml . o dry medianol j s «e ated mm 
a solution made from 105 mg. (4.5 mg. atom) of sodmm ^ 8^^^^. 
and the mixture is refluxedfor two hour a. & addition 

The residue is dissolved in 35 ml. of ^ t^^S/imli chloroform 

of acetic acid. The clear solution is _ washed with three ^^V^^^^,,^ 
and the aqueous layer is concentrated to a residue of £-SH* metnyi u hou , 

guaninC - EXAMPLE 7 , 

Prenaration of ,l5-9^3-melhyl-D-ribofuranosyl>6^hloropurine 

P UrinC - EXAMPLES ... 

Preparation of 9K3-meth y l-D-ribofuranosyl)-6 : methylamino p^e 
About 150 ml. of xylene isdistiUed from ^suspension of 9.5 g^.^^w) 

of the chloroform is chromatographed on a short column of 140 ^ J J" 3 ™^. 

wi* three 10-ml. portions of chloroform. The aqueous layer is concentrated by 
SSllSiS to a residue of 9-(3-methyl-D-ribofuranosyl)-6-methylammopurme. 



Example 9 



Prenaration of 9<3-methyl-D-ribofuranosyl)-6^ethylMninopurine 
A solS ^ 2.0 g. 3.26 millimoles) of M2,3,5-tri-^ben 2 o^ 
ribofuranosyl)-6-chloropurine as prepared in Preparation^ \ m |0 ml ; _ VhouS 
containing 12 ml. of ethyl amine is heated m a sealed tube at 100 C. tor ^ t ~~ u r"i 
After removing the solvent, the residue is dissolved in 60 ml of water ^d fttacted 
w iS S 15-ml. portions of ether. The aqueous layer (pH 6.5) is stirred ^for 1 hour 
wh* iT/ of Dowex II— X8 (see Example 1). The resm is ^oved and washed 
with four 10-mL portions of water. The combined fitaate and washings are con- 
?entrated to a residue of 9-(3-methyl-D-ribofuranosyl)-6^thylaminopurme. 



Example 10 



and on cooling, 9-(3-methyl-D-ribofuranosyl>6-methylfhiopurine separates. 



12 
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_ . r Example 11 

Example 12 

* . , r „ Preparation of ^-3'-methyIadenosine 
gives 126 mg. of 3 '-methyladenosine. "^crystallization from 0.7 ml. of water 




The results of this test are shown in the following Table I. 



Table I 



Hypoxanthine-8-C" 
Incorporation into Acid 
Insoluble UNA 



r/ml. 



Cytotoxicity 
(ED S03 y/rnl) 



% 



Inhibition 



9-(3-MethyI-D- 100 
ribofuranosyl)-6-amino 50 
purine 



KB 

Cells 



Chick Embryo 
FibroblastCells 



16 
9 



3—10 



10—30 



"^^otTJiSSJS^^J^ e / pressed as ? ,? rcent inhibition of * e 

KBSr»r-isf^ 
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WHAT W E CLAIM IS : — 



1. A compound of the formula : 




where R is a d-. alkyl radical and each of R a and R b is a hydrogen or halogen atom 
or a hydroxy, qZ, alkyl, amino, Q_ a alkylamino, di(C M alkyl)amino, halo, mercapto 
or alkyl mercapto radical. 

2. A compound according to claim 1 in which R is a methyl radical. 

3. A compound according to claim 1 in which R is an ethyl radical. 

4. ,|E?-3'-methyladenosine. 

5. p-9-(3-Methyl-D-ribofuranosyl)guanine. 

6. ^-9-(3-Methyl-D-ribofuranosyl)-purine-6-thiol. 

7 The process that comprises A reacting a compound of the formula: — 



10 




where each of R', R" arid R'" k an acyl group and X is a halogen atom with a 
compound having the formula : — 



15 




where each of R e and R„ is a halogen or hydrogen atom or a hydroxy, C x _ s alkyl, 
acylamino or acyl C^ s alkylamino radical to produce a compound of the formula: — 




IV 

where R, R„ R<„ R', R" and R'" are as denned above and, 20 
B (a) when each of R e and R* is a hydrogen or halogen atom or a hydroxy, <U- 5 
alkyl, acylamino or acyl Q_, alkylamino radical subjecting compound IV to basic 

solvolysis or; , , , r ^ j t> • „ 

(b) when one of and R* is a halogen atom and the other of Rc and Ra is a 
hydrogen or halogen atom or a alkyl, acylamino or acyl alkylamino radxcal 25 
subjecting compound IV to aminolysis, mercaptolysis or hydrogenauon and solvolysis, 
to produce a compound as claimed in claim 1, in which process if R 0 or in com- 
pound IV is an acylamino or acyl C^ s alkylamino group it is converted to an ammo 
or C w , alkylamino group during step B. 
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8. A process according to claim 7 in which Step (b) is solvolysis and the solvolys- 
ing agent is an alkali or alkaline-earth metal hydroxide or alkoxide, a solution of 
ammonia an amine or a substituted amine in a Q_ d alcohol* 

9. A process according to claim 7 or 8 in which the solvoJysis is carried out at a 

5 temperature of from 65° to 90°Q m # 5 

10. A process according to claim 7 in which Step (b) is aminolysis and the 
aminolysing agent is a alkylamine or a di(d-j alkyl) amine. 

11. A process according to claim 7 or 10 in which the aminolysis is carried out 
at a temperature of from 85° to 110°C. 

10 12. A process according to claim 7 in which Step (b) is mercaptolysis and the. 10 

mercaptolysing agent is thiourea or an alkali or alkaline-earth metal salt of a Q-s 
alkyl mercaptan, provided that if the mercaptolysing agent is thiourea it is necessary 
to subject the product to solvolysis to produce a compound as claimed in claim 1. 

13. A process according to claim 7 or 12 in which the mercaptolysis step is 

25 carried out at a temperature of from 65° to 90°C. 15 

14. A process according to claim 7 in which Step (b) is hydrogenation followed 
by solvolysis in which palladium on charcoal is used as a catalyst in the hydrogenation 
ste£. 

( 15. A process according to any one of claims 7 — 14 in which Step (a) is carried 
20 out using stoichiometric quantities of the purine and ribofuranosyl halide compounds. 20 

16. A process according to any one of claims 7 — 15 in which Step (a) is carried 
out at a temperature of from 100° to 140°G , 

17. A process according to any one of claims 7 — 16 in which Step (a) is carried 
out in benzene, dibutylether, cyclohexane ? toluene or xylene. 

25 18. A process according to claim 7 in which Step (a) is carried out at a tern- 25 

perature of from 25 °C, to 50°C, for a period of time from about 15 minutes to 
about 5 hours in the presence of a solvent; the basic solvolysis is carried out at a 
temperature of from 5°C, to 150°C, for a period of time from about 15 minutes to 
about 5 hours; the aminolysis is carried out at a temperature of from 25°C, to 

30 150°C, for a period of time from about 15 minutes to about 5 hours; and the 30 

mercaptolysis is carried out at a temperature of from 65 °C, to 90?C, -for a period, 
of time from about 15 minutes to about 5 hours. 

19. The process that comprises treating j/S-2,3,5-tri-0-benzoyl-3-methyl-i>- 
ribofuranosyl bromide with chloromercuri 6-benzamidopurine in the presence of xylene 

35 at reflux for about 40 minutes and then held at 5°C, for about 20 hours to produce 35 

/5-9-(2 3 3,5-tri-0-benzoyl-3-methyl-^-D-ribofuranosyl)-6-ben2amidopurine and reflux- 
ing said ^-9-(2,3,5-tri-0-benzoyl-3-meinyl-j8-i)-ribofuranosyl)-6-benzamidopurine 
with sodium methoxide for about 2 hours in methanol to produce fi-3 '-methyladenosine. 

20. A process according to claim 7 substantially as hereinbefore described in any 

40 °ne of the examples. 40 

21. A compound according to claim 1 when prepared by a process according to 
any one of claims 7 — 20 or by an obvious chemical equivalent of such a process. 

For the Applicants, 
D. YOUNG & CO., 
Chartered Patent Agents, 
9, Staple Inn, 
London W.C.I. 
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